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In the article there are vnresented experimental materil on the usa Of

trasistors for converting direct current.

At the -orement time wide use to m'ade o' the conversion of Dr, on fransip-

tore. This Is explained by the fact that such converters haRve st SubstAntial.

advantage over, vibration AnM electrical-machin-e coinverters. Ar-one these ad-

vantages one can citet.

A) higher dwoendability in operatinn ani A, longer perior of service due

to the Absence of m-cbmnIc.al contacts nnd moving vrt@;

b) possibility of effecting conversion to freqjuencies of from soMeO hunA-

reds of cl,. up to five to ten thousoind ere, wh Ich mottres it vossible lo do-

crease sharply the di-iensipns rind weight of the transformpre and si~oetbking

filters:

c) in most systems higher efficiency (of t'he order of 7Al to 9M4~)!

d) higher stability as a#rainst the action of cli"Rtic annA igoelanical

factors.

At the -nresent +,Imp tlhere h-ave been tievelo-ned converters o' DC with at

current of some units of watts u,, to ,r-vP hundrods of watts onto An outvrut

voitare of from 1.5 to P'7 v. 'Resldes, on tho trans.istors ono c~n necomv)1is',

the conversion of AC with very high efficiency.

In the conversion of DC ono uses only flat triode which haivo little outVut

resisfar.cc In the o-%en system (in saturati'nn) Rnd grent repistance in th'e

closed system aind *Th1ch allow for coenmutation of ouite strone Mcurronts. fteSe

reqirements Are satisfled by trkdes ?I, P'& P2fl-P203, 04 the nowly tieveoo"P

oorful triodes of the typo P?07'--P210 rnut out by the natinal industry.
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Ifterierience in the develoment and evarimentml reqarhee se ?w 'bat

deoendable operation of converters cqn be assured only vith 4 correct of

woriting with t.he triodes,

It is necessary that the temnerature of the monocrystal of Carm~nium As

welI as the reverse voltace applied to the olectron-bole-ty-e trqnsits does

not exceed the permissible limit values.
determined

The temperature of the triode is by tlp tpwreratu'e of the

surrounding medium, the power distributable in the triode, and the ef*ec~tve-

ness of its cooling.

Taking Into consideration that the mpparatus can work at a given level

of teverature of the surrouneirg air, and that ibe verir'sible limit of

temperature for the crystal of gprmaniun is 8" to 940 C one cen determine the

pernissible overhea tine.

"'he power dissipatable in the triodes in working in the system of a

converter of DC is made uo of the following components:

losses brought about by the outpt resistance of the triede in tho Pystem

of saturation, which do not exceed 0.5 to 0.6 v for triodes Ph~:

losses occasioned by the inertia of the resorption by tbh mirront car-

riers in the triode and the nonrectaneular form of tho curve of the voltare

on the windings of thie transformer. called junction losses which epend on

the frequency rro-ertiep of the triode and the sy tem of it eonnectine u-,

as well as on the method of accomplishing the feedback (for the converters

with autoexcitation):

losses conditioned on the current throuth the colectov transit oP the

triode during the perlod of operation when it is closed. Those lotetp de-

pend on the value of the zero current of the collector of the triode xnd tb

feed voltago, And in triodep of the type Ph they tay amount +m 0.-3 to 0.5 v;
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the

losses from the current through bUe of the trio e, not coinif )etbr

than Dl v.

,he total over dissioatable in the triode in oberati.ng in *he circuit

of a converter can amount to 1 or 2 vt, which leads to the need for O"yIng

additional heat drainage in the form of coTper or dural inlte. AnI cylindriral

radiators. In a number of instances of coneucting away heat there io used

the frame of the unit. In this case to ineuaO +.e triodes Irom +he Ora-e

there is used mica of a t?ic~nese of 0.1 to 0.05 wo or otber Insulating file

materials.

In connection with the fact that the triodo shou1A orerat. in a very

broad range of temprature evieripents were conducted itl the basic elec-

trical varameters of the triodes of the type P4 with chance of temrerature

of the frame of fron -50 to +90C.

* lNe coeffici. ' of Am-

S plifiri ton of tb current

for the system of a coneral

emitter on the raisine of
Fig. . ~Diairaw sboving-th .rincioles -of the

the toevierature from -50 to
unit for meansuring the runcture voltace of

4.-20C drors by 20 to -14 and
the triode

on ftrtl'er raimine ithe tow-

ature to -900 C it drops Insiniificantly (by S Io %).

In agrenment with the lowering of the coefficient of ampificetion w10

the raising of the temperature ther s Ran increaee in thi drorping of the

voltage on the triode in the system of saturatl#)n.

The zero current of the collector Xunction of te triode on the r"iir

of the temperature increases sharply reachine at a temp-rature of -Mn to

+90 0 C on the average 5 to 10 ^a, while the factor of the chance in the zero
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current dro.os dth the increaso in the voltare anoliod to tt.e colloctor

jnaction.

?or example, the factor of increnso In the zero current of the rol1ector

with a voltage of 50 v in the Interval of temperqture of -4-20 to +9 0 C oes

not exceed 3 to 5.

*he powerful triodes put out at the nrovant time o. +Ise +.ve Pb, va. Pr-e-

tic. has ehown in their use, require additionAl rboctinr for the limitine

allowable collector voltace. Th- eistine orocedure of clostiicatioan of

triodes in accordance with reverse current does not enable one to assure

high devendability in the functionine of triodes at voltages close to 'he

limit of the oermisible. In this connection recently there has been amnlied

a procedure of classification by the puncture collector voltace in the scheme

presented in Fig. 1.

!U puncture voltage is determined with the aid of An osrillogtrnh ond

voltmeter in accordance with t.e sarp bend in the voltmeter cO'rcteri tic

of the collector *unction (Pie. 2).

In the ce s- of * e eintion

of tle triode in two-cycle circuits

and for nssuring Ptability o *he

4W unctionlne in narallel connectine
]Pig. 2. Voltmeter cbaracterlitic of the

it is feaibloe to intro~uc. te
of the collector junction of the triode

classification of trodes by the

steepness of the *unction c.aracteristic S (Atenndence of Pz 7 f(rkl, -*"ic

can be determined in accordance with the formua

where I is the "plitude of the collector current of the triode,

U84 is the voltage on the input of the triode (AC),

Un ts the threshold voltage p - n of the *unction, which for the e~isting
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triodes can be taken to be o* the order o? 0.27 to 0.1 v.

or reasurirg the steepness of S one can use the circuit oresnted in

Fig. I or the ordinary or the ordinary scheme for tax$n, te statistical

characteristics of the triodes.

One can sbov that the stee.onese of S is deter-ined by the coelficelnt

of t.e amplification b in the Intut resiptance, which i.ens it possible to

pick out by one uarpmeter the triodes .or the two-cycle sys'e And tor

parall1l connectinm.

In this connection for all the triodes t.eve' o eA And Tut out at the i res-

ent tir.e it is feasible to introduce the clapiific+inn by the steepess o

the .junction characteristic of the triode.

Let us consider the circuits a' the conve-ters of AC. '"he .inP-cYcrle

circuits of the converters (Vig. 4) found aorlication for the conversion o#

relative small nowers (of the order a* 2 to 4 v). owevar, ni investigations

1, have shown, they can he

successfully used aWso for

th. conversion oO conpid-

eraibly greater power.

P. In single-cyc]e cir--

. cuits there are oossible
7ig. . Drawing showing the-principle of the

two methods of connoctine
setuo for measuring the Steepness of the .unc-

the diode in tb circuit of
tion characteristic of the triode

the secondary windine -

in the direct or reverse direction. In tbe direct connecting of tha diodetoee

19 current in the secondcry indint 4'ven the .rio a is closed. In the orers.

tion of converters with those methodS o# connactine the diode tlere is x-

etantial difference.
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In the cirui*t with f.b r.-
Input vol- Wficien- Power P, v, with

veree connection of the diode the
tags., v cy, S diode closed

.- , Ipower tranvitt-d to th load I.
reverse direct

tpt"wnod 'by *.bhkt ritenatic anoray
2. -60 1.7 a;

which ArcuffmulAts in the infcttv-
4.4 70 .3.8 6.6

itY of the +rinp'orror in tp
6.0 0 L.6 q4.

course of' +Ime w.sin +h triode is
12 -80 9.4 3A

oen.
24 80 12.5 25

The pulee of the input cur-

rent of the converter for such v circuit has a trineular form. 'he for' o?

the mAlse of the in.it current qnd the maxinum value for the collector cur-

rent permissible for a given type of triode determine that s"eoetic enermy

which Accumulmted in the inductivity.

In the circuit with the direct .. " 4

connection of the diode the current

in the secondary winding flows during

that period of tire when the triode 4 T il
is opoen.

In this case the form of the

WAlse of the orimary current will be E 4

nearly rectangular, as a result of

which the ower which may be con-

verted with the aid ct such a eye- +

tern will be t-ice as great as the
l'i&. I0 DiatrAm showine vr0nc'ro ov'clr-

power which can be converted with cuit of eingle-cycle converters of A, with
different ways of connocttne the triodel

the aid of a circuit vith reverse
*) 4ith the cor-on emitter, b) with the

connection of the diode.
conmon collector

FTD-.TT-63-179/1 2 6



In the table there are resented the comuteA ylues oO #h1 oo.er on t)q

out.ut of the converter (Pq) for '.), two schomee of connectint the diode

while using one triode of the tye Ph, (1" = M nAr. Tm 9A v).

It is necessary to note t'at in the seheme witb th- direct connection

of the diode for assuring a determined porosity of the mulse of the inmut cur-

rent and limiting of ttp amount of the voltage on the windings o0 the trans-

former in the nonoveratine mart of the opleod there to used a bloe*ine carae-

Itance Co ig. 4s).

One should also note that with low Input voltages the single-cycle cir-

cuits enable one to make use of triodes more effectively than in the two-cycle

circuits. This is explained by the fact that the trio.e can oorat e, both

with the maxtium collector current and with quite hig 1 collector voltmro, In-

dependently of the amount of invuat voltage.

The widest application is being m'de at 1,P rreopnt tire of conwertere

of DC assembled with the two-cycle circuits, both vith golf-eycitatinn ank

with a master oscillator.

The two-cycle circuits enable one to Rccninl0imh the conversioan Ith the

hi.est efficiency (? to 9M ). In the two-cycle syP+e-s t~are iP -qsure

good use of the transformer, And its dimensions will be lens thAn with the

same tower using +he single-cycle system.

In Fit. 5 there are pretonted the most widely used schemes of convrters

of DC. In connection with the fact that in using systems with a common

emitter (Vig. 5, a) ordinarily it is necessary to insulate the triodes and

their radiators from the frame of the unit it is to the point to use cir-

cuits with a cormon collector (Fic. i, b), or with a comon emitter and

united collators (Fi. 5, c), which enable one to fasten the trioes direct-

ly to the frame of the unit, And, consecuently, to ampurp +ho ryeateo effect-
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lveness in their cooling. In their electrical chracteristics the converters

desiped in accordance with the circuits in Fi7g. 5, b and c, practically do

not differ from the converters designed In the sysgem .with a comon eoitter

(rig. 5. a).

Practical Interest is afforded by the two-cycle system of converter

with the connecting of the triodes on the scheme of a common base and Join-

ing of the collectors (PIt. 5., d). It i feariblo to upe th. scheme beine

considered for master oscillators since it enables one to aspure blab dend-

ability of the working of the triodes with raised feed voltage (27 to 1O v),

high stability of the workine marts, Rnd sufficiently coo. rectangulerify o4'

the curve of voltage on the windings of the transf'ormtr.

Without dwelling on the .princitlo of t-o oreration we will tu-' . some

problems in the practical application of practical aplicatinn of convertors

on the two cycle system. 7he most important problems in the d@vel ormont of

converters of DC are: choice of the freoupnc.v of the current, the core of tbo

transformer, and the mode of its operation, and the system of the workine of

the triodes and ways of conneeting them.

The choice of the freouency is made with consiepration for the minimum

effect of radio interferencecreated by the converter, on the myaratus, mnd

also with a view to obtainine the maximum efficience and minimum weight of the

converter.

In using converters in an apraratus of coemmnication I4 is feasibl to

select the frequency either below 300 cps or higher than 2.0 *cps. One

should note that with a frequency of two or three kcrs the efficiency of the

converters becins to go down noticeably as a ropult of t1e increase in the

relative magnitude of the ,junction losses in triodes. At the 'presen time

there are ways projected for lowerine the junction losses inihe trio4a by



Fig. i. Diagrams showing the vria-

cil.es of the lircuits of tho two- i.

cycle converters of voltage with

different method. of connecting +

the triodies:

a--with comon emitter, C2

b--wtth common collector,

c--with com-non emitter Rad Joined . 7

col lectors,

d--witb common base and Joined col- +

lectors

14 j

+

connecting them on a scheme wt1. a common base, an# also thr6uph the use

of the feedback on the current, which enables one to raise the working fre-

quency above 2 to 3 kcvs while keeving the hth efficiency (nbove AO0.

It is very important for obtoining high ef.itiency in a converter *0

choose correctly the system of working of the transform er. It is advan.a-

geous in transformers to use tape cores fron steel XhVP of P th.icknoee o*

0.08 to 0.05 mm. It is v.ry suitable as core naterial to usp Permalloy wpa-

7rD-.T-63-l79/1 t2



tertals with a rectangular bysteresis loov. .ovever, vucb mterials find

practical atplication only after Industry has tjaken over variously the pro..

duction of cores with a rectantular hysteresis Ioop.

With frecuenci.s of *be order of 5 to 10 kc-n one uses trsnpformeors Wdth

cores ,ade of oxide of ferromgn neic mfaterlal with InItiO 1eetra+ion factor

of the order of* 2,00A to '.-iM. It is mo.it feasible to use "anganse--ine

oxyfers (oxides of ferromagnetic material) which have convidprablP "taMli~y.t

teFraratures of +l0 to --1200 C.

Am a result of the nonsinusoidal ouality of the currents Fnd the voltaces

in the converters. during operation there arise radio disturbances in the spec-

trum up to 30 meg'ierts. The level of the voltages of the radio disturbances

can reach tens and hundreds of thousands of microvolts. For surpressina the

radio interference one uses U-chaoed filters on thi itnrut o# the converter.

The inductivity of the. choke of the filter selected Is around UO to 60 phy

and the ca-acitance o! the caacitors laup (it is necessary to use vaner

capacitors).

For determining the performance of the converters durine protracted -ork,-

ing tests vere made over a veriod of service of a series of DC converters

with ambient temverature of the air -. 0 and +500C. oh repi 4 g of the

tests showed that after that after 3,0f'^ to 6,Int hours of continuus work

the efficiency and the output power o' the convertors changed by I to 5%.

In connection with the advantages indicated above of +he DC ronvertors

based on semiconductor triodes (transistors) it is profitable to 'ontinue

the work for Improvement of f.eir chracteristics in the direction of ner-

fectine the circuits, raising the oo.aratine -rocueney, and the Using of

new small-dinensioned arts.
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